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We. TOHNS-MAHVUXH CoRPORA-noN, a 
corpSatfoa organlad mto .the hmdt the 
State of New Yoii?, United States ^ 
America, of 22 East 40th Stteeii Otv 

5 of New Yoik, Cotn^ of New York 
and State of New Yori^ United Stetes 
America, do herdjy dedare the mvenncm, 
for which we pray <hat a patent my ee 
granted to ns, and the »c4od ^ whi A Jtis 

10 tohe performed, to be pairiculariy desctaefl 

ia and by the foJJorong statematt!--- 
T^J^s inventica idates to mqmwed l^tso 

calcium silicate products and their prqwra- 
tion. More particular^, die inv^ti^ 

15 ccrned widi an hnproved meAod rf bufet- 
mg the baric charactcdstica of Miattd cal- 
dmn riUcates mi products flicc^. 

Patriculate M»ted calcnnn alKates hm 
for some time beta proposed for use as 

20 fillets, pipnats, extender?, etc., for Min^ 
pSS nbb« phistic and the l!te prodpcis 
Sd faj some applications aJ^^tcs taw 
been fonnd effective to varying d^pees, HOT^- 
ever, many caldnm dficate composirions now 

25 available typically exhibit one or mote mo- 
soli, for example, as rcbtivdy high 

iSiibiKties, high alkalinity or basic pH, among 
others, whidi render tiiem unsatisfectory ana/ 

or impractical. In many m^^'^'^.J'JT 
30 du<rWin a substantially comp^to- 
sohibie or "inert" and/or approamatdy 
neutral or even add filler or pigment poK^ 
ing otiier properties not mflfice tiiose of *fi 
&v ateorptive okimn sihcates «old 
35 ^Svdy and economically fulfill many fiUff, 
pigmeot or otteader ieq>aj;«ienB in flje 
«bb«, plastic and allied mdus- 

*"^e invention rdates to" a mctitod and to 
40 the particnlate Iqrdratcd caldum dhcatt FO- 
■ dnct produced tiierd>y diaractc^ m tiiat 



peiatnre phase hydrated caldmn silicates aic 
Wrothennany reacted with alummum 8i:^tc 
at a tempccaaire of at least 350*"?^ prefer- 
ably between 450"F. to 550*F. in aa amount 
equivalent to and for a period snmaeat to 
Sea reaction with at least 5%, preferably 
7-1/2% to m%, by wdfijit of the tptal 
CaO component o f the hydrated calaum siUc- 
atES, the hydrated calcium alicates bemg 
sdectcd from the group consisting of xonot- 
lite and a synthetic hydrated caldum sflicate 
havtag Ae composition 2CaO * 3SiOa . 1—2 • 
5HcO, and mixtures thcrwrf; the product pto- 
dnced thereby exihibits an "ahun demand 
BO greater than 4 millilitBrs of an aquwus 
sdkidon of 0.0216 grams of aluidmm sulfate 
per milUliter to adWevc a pH of about ^. 

H& 1 of the acoompanymg drawings illns- 
tiatcs die relatiYe cffecthrcness of tiic treat- 
ment of this invaition and tiie nH charac- 
teristics of the products of said tfeatment 
in cong)arison with those of procedures not 
withm the scope of this invention; 

Fig. 2 illufitiatcs tiie uiirccqrtivcness ot 
low temperature phase hydrated caldum aihc- 
BtB products such as caldum silicate hydr^ 
I to afl types of treatment induding tbc 
novel mediod of tills invention; 

Fig. 3 anxmaies the relative cffectrveness 
of iS mcdiod of this invention as apphed to 
various hig^ tctt^ctature phase, hydrated cal- 
dum silicate con^iositions; and 

Fig. 4 aiustratK 4e long term alum 
stabiH^ of produces treated in accordance 
with this invcxxdoo. 

Typical Iwdratcd caldmn silicate products 
when subjected to an aqueous add m^wm m 
ibt perfbrmanoe of a procc^ or in me pre- 
paration of a prodQCti for example a paper- 
StfJdng furnish whcrdn alum (ahmunmn sm- 
fete is oftm added to maintain die pH « 
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4 — 6j xeact yirbk the addic cQmponeatj[8) 
of ssdd medium with a zesulinnt overnD ior 
aease ia pK. ThuSj whenever essential, or 
. even desizalble to maintain or restore tize low 

5 pH condition of the mcdiimij an additi(»ial 
amoimt of the addic or add produdng com- 
ponent must be added to restoie or maintain 
the pH at the desired or original level Such 
a piacdce is often costly and therefore pro- 

10 hioidve in manf manufacturing procures or 
products. 

This invention provides new hydrated cal- 
dum silicates exhibiting rdativdy low pH 
diazacteristics, among other advantageous pro- 
15 perties, wfiidi are peculiariy adaptaUe for use 
as fiUersf, pigments, e?tender^ in products or 
processes mvolviqg or necessitating relatively 
low or add pH mediums. This novel silicate 
products of diis invention are produced by 
20 hydrothermally reacdng stable, hx^ tempera- 
tare phase hydrated caldum sflicate com- 
pounds with ahmiinum sulfate at tempera- 
tures of at least. 350*'F. and prrferably within 
the range of 450"* to 550*F. A temperature 
US of about 450*'R fe most preferred for reasons 
of eSden^ and economy. Furdier, the treat- 
ment or zeacdon should comprise sufficient 
alumfnum sul£atn and be permitted to pro- 
ceed to a ppmt whcremat lea8t5% by w^it 
30 of the cakium oxide cdn^Kuient of the par- 
ticular dCcate has reactra wx^ ahnuinum 
suIfiAte^ it being tmderstood tiiat die tfaeo- 
redcal stoidilometric prt^ordons of aliuninum 
sulfate and caldum oside comprise 1 mol 
35 of aTiTminnm sulfate per 3 mols d caldum 
oside. The degree to which it is desirable 
or qipropriate to extend the alnsuum sulfate 
treatment bqrond the foregoing stated 5% 
m hiim um» however^ depends upon tiie require- 
40 meats dedred to die ultimate product. 

As stated hexembefore the high tempera- 
ture alummum sulfate treatment of this in^* 
vention is only elective when applied to 
temperature, phase hydrated caloum sili- 
45 CBte confounds, vlz^ hydrotbennai reacdon 
products of an aqueons suspension of lune 
and a >eacd\e sfliceons materM, such as 
diatomaoeous eardii quartz^ etc, at tempera- 
tures of at least SSO^'F. and preferably 
50 a^toxiniately 450''F. Exemplary oi siiitable 
tetnpexaiuic phase cflldinri silicate com- 
pcmnds are die calcinm silicate xonotltte 
(5b1O.5Sia2.E2O) and a venr low solu- 
bility calcium silicate compound having the 
55 formula 2GaO • 3SiOi • 1— 2 « 5S[:0 and a 
' dfetingiiishfng *X-ray di&acdon pattern bav- 
- ing very strong Hnes d=3.12JL and d= 
'4.12A and a mrdnim line at d^8.34.L 
Tbe foregdng high temperature phase oom- 
60 pounds mav be prepared the hydiodiczmal 
reacdon or lime and a source of reacdve 
dlica in the respective mol ratios of X mol 
of CaO per mol of SiOt and 0.5— 0.7 mols 
of CaO per mol of SiQc in aqueous suspen- 
G5 sum at teinp^attires of at least dSO^'F-^ pre- 



ferably 450^F^ for periods typically of about 
2 hours. By ^varying die mol xanos of die 
reactive lime and siliceous coQqK)nents cal- 
dum silicate products comprismg mhctnies of 
the various stabk^ high temperature phase 70 
hydiat&d calcmm silicates may be produced 
and sudi mixfures are likewise applicable in 
the praAice of this invendon. 

lie estent to whidi the foregoing alu- 
minum sulfate treatment of die hydrated cal- 15 
dum silicate may be e&cted depends^ natur- 
allyj upon the relative piopordons or mol 
rados of aluminum sulfote aaded to die cal- 
dum sHlcate compound and as sudi can range 
from uneconomical stoichiometric proportions, 80 
i.e;, substandally complete or total reacdon 
or consumpdoj of all the available caldum 
osMe component of the caldum rilicate con- 
sisting of 1 mol of Al/SO^^ per 3 mols of 
CaO, down through any proporrions or per- 85 
centages ttiereof to the lowest e^ecdve limit 
i)f at least 5% of the caldum oxide content of 
die pardculat caldum silicate compound 
Suitable alummum sulfate treated caldum 
silicate products for many applicadons com- 90 
prise those resultmg from a treatment with 
sufiSdent aluminum sulfate to react with 
approiimatety 7-1/2% of the available cal- 
dum oside of die particular silicate (Le., 
about 0.025 mols Ali(SOJa per mol of CaO). 95 

The effecdveness of die foregoing alcH 
minum sul^ treatments as wdl as that of 
previous mediods, ie^ the extent or degree 
to which said treatments reduce or st^press 
die basic pH cfaaracterisdcs of die treated 100 
caldum sihcate product may be measured by 
the amount of aluminum sulj^te required 
dther to reduce a slurry or a giyen amount 
of an aluminum sulfate treated caldum silic- 
ate to a predetermined pH« or to maintain a 105 
pred^ecmmed maximuni pH for a slurry or 
aqueous medium followiqg die addition diere- 
to of an aluminum sulfate treated caldum 
dlicate. The dOfectiyeness or extent which tiie 
treatment reduces or siq^presses die basic pH IW 
characterisdcs of the treated caldum silicate 
and appropriate means for measuring Ac 
same are rcicrrcd to hereinafter as the 
^alum demand" of the aluminum sulfate 
treated or bu&'ered calcium siHcate. The 115 
specific test utilized in determining die 
'^ahun demand of the treated caldum silic- 
ates in the following esamples and throu^- 
out die sptd&csd^m, imless indicated other- 
wis& conqmses addiqg to a 1/2 gram sample 120 
of die particular almninum sulfate treated 
caldum sOicate shnried in 400 mniiliteT? of 
wace^ 1 milliltter mcrements of aluminum 
sul&fe solodon oontammg 0.0216 grams of 
dydrated alummum sul&te (AUSOA. 125 
ISHiO) per milliUter and determinhog the 
pH after stMmg for 5 mhmtes. The ^ahun 
demand'' is expressed as die milliliters of 
alummnm sulfate sdbtion which must be 
added to reduce the ^ of die 9lvrr7 to 5.0* 130 
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The aluminum sulfate tieatmem of stable, 
high temperature phase hydrotibcrmally pre- 
pared Irydxated caldum silicate compounds 
may be dO^ected in substantially any oonveoi- 

5 ent or appropriate manner it being essential 
only that thehigji temperature phase hydrated 
caldum silicate and aluminum sulfate are 
hydrothennally reaaed^ preferably in aqueous 
medium^ at temperatures of at least 350*^F. 

10 and preferably 450 to 550 °R Moreover, die 
aluminum su&ate treatment may be practio. 
ally and economically carried out in the same 
reactor vessel or chamber utilized ts> synthe- 
size the high tenq>erature cal d nm silicate 

15 simply by adding an aqueous soludon of alu- 
sdoom sulfate directly to said reactor upon 
substantial compledon of the hydrodiermai 
formation of the hydrated caldum silicate 
product and maintenance of die synthesizmg 

20 temperatuxes. Sudi a procedure, addition of 
the . aluminum sul&te direcdy to die hot 
reactor vcssd contents, provides a substantial 
savings over sabsequeat heating of all com* 
ponents to a smtaok reaction ten^eiatore. 

25 ;::The aluminum sul&te reagent suitable for 
carrying the invention into diect may com- 
prise ordinary ^Inspa-voBka's alum" or any 
of the commeidal grades of ahaninum solfei^ 
available on the madcet 

30 The medianism of this invention being 
somewhat ptoblemadcalt tiie following t^ieo- 
xetical ezpanation is givea for purposes of 
Ohistiation xatiicr than limitation; However, 
eztensve oibservations indicate that the treats 

.35 ment cxf stably high tonperatare phase 
I^dzated calcium ailkates wxtii aluminum sul- 
fate at the specified neoessaxy tenqperatnres 
results in a reaction products) <tf die ah- 
minun sulfate and calcium ^cate fomdng 

40 a protective coating on or modification of 
the surfaces of the hydrated caldum silicate 
partides providing the same witii effective 
resistance from furtiier add attadc 
The foUowinp examples illustxate tiie pre- 

45 sent inventiqx mduding several variations in 
the practioe of the same. 

EXAMPXB I 

Eigh^-five pounds of diatconaceous earth 
suspended in 60 gallons of water vm charged 

50 to a reactor, steam pre-heated to a tempera- 
ture of 450°R ancf drained of condensate. 
Upon return of die reaaor temperature to 
450''F^ 100 pounds of l^drated lime in €0 
gall<nis of water (giving a calculated CaO/ 

55 SiOt mcl ratio of appnmmatdy 1.0) was 
added thereto and die temj^erature agafai 
raised to 450''R and nwintamed there far 
about l-l/Z hours. Finally, 18-1/2 pounds 
of paper-maker^s ainm in 40 gallons of water 

60 (0,024 mols of hydrated alnminum sulfate 
per mol of CelO) was added to the reactor 
and maintained tnerdn for aj^mmmately 1/2 
hour for a total reaction tmae of 2 hours 
at a temperature of 450''F. The product was 



then drained into a holding tank and filtered 65 
over a rotary vacuum Sixa, oven dried and 
pulverized. 

Example II 
An altuninum sulfate treated zonotlite cal- 
dum silicate was prepared by maintaining 70 
an aqueous suspension of 1800 gallons of 
diatomaceous eanh slurry comprising 0.63 
pounds of diatomite per gallon and about 
680 gaUons of lime slurry con^rising L46 
pounds of CaO per gallon in a reaction vessel 73 
for 1-1/2 hours at a temperature of about 
460°F« The relative proportions of Itme and 
siliceous components tiiereof were calculated 
to give a CaO/SiC)a mol ratio of 1.0. Upon 
completion of die reaction comprising 1-1/2 80 
hours at temperatures of about 460^F., an 
aqueous solution of aluminum sulfate com-* 
prising 2.0 pounds per gallon was addol to 
the reaction vessd until the aluminum sulfate 
content thered readied Z4 pounds per pound 85 
of CaO component of the caldum olicate 
r^bout 020 mols of hydrated atlnminum sul- 
rate per mol of CaO) and the combined 
reaction nmmire was maintained at a tem- 
perature of apprpamate^ 460**F» for an addi- 90 
tkmal period of about 30 nunutes. The con- 
tents of tiie reactor weie then Sbxxed, (bled 
and ground. 

EmsPLB ni 
A suitable Ugh pressure zeacmr vessel was 95 
first pre-heated with steam to a tenmera-- 
tore approxiniate^.450^F. and tmoa drahi- 
log of me cGodensate was diaxged with 85 
pounds of diattmiaceous earth sospended hi 
60 gallons of water and the temperature was 100 
faroui^ back to 450T. One hundred pounds 
of hydrated hme, also suspended in. 60 gallons 
of watBTj was tiien charged to the reactor 
and the temperature agam' raised to 450*7. 
and hdd' there for a 2 hour reaction period 105 
The relattve proportion of Qme and ^iceous 
matmal was calcolated to ^e a GaO/SiO^ 
mol ratio of 1.0. I^on completion of me re- 
action period the leacticm product was drained 
into a holding tank and the total solids In 110 
the reactor slurry were detmnlned by evapor- 
ating a blown volume of the slurry to dryness 
to calculate the hydrated calaum siBcate 
content thereof for subsequent treatment 
SufiSdent aluminum sul&te to react with 115 
about 15% of the CaO content of tiie cal- 
cium silicate (0237 pounds of Irydrat^ alu- 
minum sulfate per pound of hydrated cal- 
chim silicate) was dissolved in about 20 
gallons of water and added to the aqueous 120 
suspension of I^drated caTdnm silicate m the 
holding tank widi continuous stirring and the 
contents thereof maintained at a temperature 
of about 160''F. for 1 hour. This addition 
of aluminum sulfEite treating agent caused the 125 
dnrry to thidcen considerably and it was 
neccssaiy to add additional water, about half 
the initial shiny volume^ to fcecp the slurry 



4 



997,202 



ia 'wodc&bie condition. The treated product 
was filtered over a rotaiy vacuum filter, 
dried at 240°F. in an oven and ground. 
The **aluna deanand" of the products of 
5 £3camples I and II, compridng a 7*1/2% 
and a 60% ahnninmn sul&te treated xonotlite 
in accordance witii ifais inventions Esample 
m comprising a 7-1/2% conventionally 
treated xonoditc, and an untreated zonotiite 
' 10 as a standazxi were determined in accord- 
ance with the forgoing stated procedure^ i^, 
titrating 1 milliliter increments of alununum 
sulfate solution containing 0.0216 grams of 
irjrdrated almninum suliate (J^jiSO^^, 

15 18Q:0) per milliliter against a 1/2 |ram 
san^>Ie of each of die specified aluminum 
sulfate treated calcium silicate products and 
the untreated xonotlite slurried in 400 milli- 
liters of water and determining the pH after 

20 stircuig for 5 minutes. The results of the 
ioregosqg tcst^ were plotted on a graph for 
comparison of the *^ahm demand'' of the 
untreated calcium silicate sonotlite and those 
txeated. according to prior pracdces* These 

25 results compmc the graph of Fig. 1. The 
<<ahim denumd" is expressed as the mHIi- 
liters of abminum suSfiEite aohdon wUdi 
must be added to reduce the pOEZ of tihe 
shirty to 5.0. 

30 ES&MEU IV 

Three identical saimles of a low tem- 
perature phase hydrated calcfaim slOcate oom- 
ixiund fdentifled in the art as the idiase oal- * 
dum silicate hydrate I (Taylov, Journal of 
the Chendcal Sodeiy, (United States of 
America}, 163, 1953) were prq)ared by react** 
iDg hydrated lime and a siliceous material in 
a mol ratio of 0^ CaO to 1 SiOz at a 
tempezatuze of 350-^60^F« for a pedod of 

40 about- 2 hours. Sample 1 was retamed un- 
treated as a standard. The second saimle 
was treated with sufficient ahiminum snmite 
to react whh 7-1/2% of die lime oontoit 
thereof at ambient temperatures. The thixd 

45 sample was retained in the reactor and treated 
with sufficient aluminum- sulfate to react with 
7-1/2% of the lime conioit dioreof at tem- 
peratures ii the vicmity d 350-^60'*F, The 
^ahim demand of each san^le, determined 

50 exacdy in acoordance 'with die f oregoiog pro- 
cedure was plotted for comparison and com- 
prises liie ^ph of Fig. 2 of tte drawing. 
This experiment accordingly demonstrates 
diat only the high tanperature (above 37d^F., 

55 prrferabfy spproodmately 450'*F.) phase cal- 
dmn silicates can. be made tes&tant to acidic 
condidons hf txeatment with aluminum 
sulfate. 

Example V 

60 A series of iQrdrothermal syEithesis of hl^ 
temperatme phase hytlrated calcium silicate 
products comprising reacting lime and 
s^ceous reactants in CaO/SiOs mol ratios 
varying progressively from 0.5 to 1.0 CaO to 



1 SiO- at tcn^>eratures of about 450**F. for 65 
a period of about 1-1/2 hours was effected. 
Each of the resultiAg hydrated calcium silicate 
products thereof, cornprising either xonothte, 
die low solcd)i]i^ caloom silicate having the 
formula 2CaO • 3Si03 . 1— 2 . 5BtO referred 70 
to hereinbefore or mixtures of die said com- 
pounds, were treated by adding sufficient 
aqueous almninum sulfate to die reactor 
vessels to react ^th 7-1/2 of die caldnin 
oxide content of die speafic compound and 75 
contmuing the reactions for periods of about 
1/2 hour and at temperatures of approxi- 
mately 450*F. The decreasing CaO/SiOs 
mol ratios of the hydrated calcium silicate 
resuhed in oz^ a very slight increase in 80 
"alum demand The "alum demand" of 
eadi of these products^ detezmmed in accord- 
ance widi.die for^hig test^ is plotted in die 
graph of 3. 

Example VI 85 
Six identical samples of die hl^ tem- 
perature ^base calcium sHicate xonodhe were 
prepared hi acoordance with'*die hydrothepnal 
grocedure and aluminmn aul&te treatment of 
Bsample IL The respective zonodite samples 90 
were treated with aluminum sulfate to vary- 
hig degrees by mafntainlTig eadb in an aqueous 
medium for a period of about 1/2 hour at a 
temperature of approxunatdy 450^F. with 
svf&kat altnmonm sulfate reagem to react 95 
wfth 7-1/2%, 30%, 40%, 50%, 60% and 
90% of their GaO content The bng term 
<*alum demands" for eadi of dius prepared 
aluminum sulfate treated calcium snicate 
samples was determined for coQ^panson and 100 
evamadon by slurring OJO gtams of eadi of 
said 8anQ>les in 400 mlimiters of water, add- 
ing ahimfnTim sulfate to eadi slurried sample 
in amount equivalent to 0*086 pounds per 
pound of caldum silicate and measuring and 105 
recording die pH of each slurry sample as a 
function of rime. The results of these tests, 
shown in Fig* 4, iliustrace the lasting low pH 
properties impsoted by die 60% treatment 
Because of the large differtnoes in die stability 110 
of these san^les the time is plotted on a 
logarithmic scale. 

BXAMPLB VII 
A low solnbiHt^ high tonperatare phase 
hydrated caldum sHicate havmg the formula IIS 
2Ca0.3SiOi,*l— 2*5ByD was treated witii 
2L8 pounds of paper-maker's alum (Ala 
(SO^X-18By3) per 100 pounds of die lime 
conq}onent in a l^drothemial reaction vessd 
for a period of 30 minutes at a temperature 120 
of about 450""^ This is sufficient alumhimn 
sul&tc to react with approximatdy 7-1/2% 
of the OaO content of the caldum silicate. 
A oonq^arison of die filtration rate of the 
foregoing alum treated hydrated caldum silic* 125 
ate was made with an identical untreated 
low sohibility high tcn^imtvie phase 
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hydrated caldujx} silicate compound. Under 
identical conditions tiie filttatbn rate of the 
alunnnum sul&te treated product was 17.4 
pounds per hour per square foot whereas 
5 ifae untreated product gave a filtration rate 
of 7.95 pound& per hour per square foot 
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ErAMPLE Vm 
Several 5 gallon pressure reactors were 
eadi chained widi 438 grams of diatom- 
aceous eardij 151 g^ams of faydxatfid Tttwg and 
3-1/2 gallons ctf water to provide a CaO/ 
SiOa mol ratio of 1.0, and upou compl^on 
of each 90 minute reaction period at 450*F. 
producing the stable hi|^ temperature phase 
nydzated calcium silicate xonotlite, aluminum 
sulfate was added to each reactor in 1/2 
gallon of watei and after an additional 1/2 
hour reaction at 450!"^ die produa was 
draked from each reactor, filtered, dried and 
ground For purposes of iHustradoo die ab- 
mmum sulfate treatments were cairied out 
at theoretical levels of 3^ 6 and 30% of the 
amount of alumimun sulfate required to react 
widi the CaO content of die cfl1r«v"i 
silicate (a 100% aluminum sul&te treat- 
ment requiring 1 mol of aluminum sulfate 
par 3~mols of caldum oxide of the calcium 
silicate product). Vflien 6% or greater alu- 
mmum sulfate was usedj the final ^alum 
demand** of the pxo&ict was found to be 



less than 0.14 pounds aluminum sulfate per 
pound of caldum silicate^ at the 3% level 
of treatment the ''alum demand was con- 
si der^ Iy higher. 
WHAT WE CLAIiH IS:— 35 

1. A method of preparing a pardcualte 
hydrated caldum silicate product character- 

in that stable, hydrothenmli^ formed, 
h^ tenmeratnre phase hydrated caldum sili- 
cates as herdnbefore defined are hydrotfaenn- 40 
ally reacted with ehnnuzum sulfate at a tem- 
perature of at least 350^F., preferably be- 
tween 450"F, to 550**F. b an amount equi- 
valent to and for a period suffident to effect 
reaction with at least 5%, preferably 7-1/2% 45 
to 60%, bv weMit of the total CaO com- 
ponent of the hydrated caldum silicates. 

2. A method as redted in claim 1, charac- 
terized in that the hydrated caldum silicates 

are sonotlite or symhedc hy^ted caldum 50 
silicate having die composition 2CaO . SSiOg . 
1—2 . SUP or mixtures thereof. 

3. A particulate hydrated caldum sQicate 
produced by the method redted in any of 
daims 1 and 2. 

I^WIS W, GOOLD & CO. 
Chartered Patau Agents, 
5| Corporadon Street^ 

Birminghamj 2. 
Agents for Applicants. 
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